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(54) Index apparatus

(57) A machining center includes a spindle (2), a
main table (4) and an NC device (6) for making a ma-
chining relative movement between the spindle and the
main table. An index apparatus includes a housing (8)
mounted on the main table. An index table (10) is sup-
ported on the housing for rotation. The apparatus further
includes first (16a) and second (16b) push bars extend-
ing into the housing and outwardly of the housing for
longitudinal movement, the NC device being arranged
to make an extra relative movement between the spin-

FIG 1

dle and the main table other than the machining relative
movement, so that either of the first and second push
bars can be pushed and moved longitudinally thereof by
the extra relative movement between the spindle and
the main table. The apparatus further includes transmis-
sion means received in the housing and disposed be-
tween the first and second push bars and the index table
to rotate the index table in one direction in response to
the longitudinal movement of the first push bar and in
the reverse direction in response to the longitudinal
movement of the second push bar.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to an index apparatus for
an NC machine tool.

PRIOR ART

[0002] An index apparatus for an NC machine tool is
disclosed in U.S. Patents No. 4,884,474 and No.
4,991,463 to the inventor of the application. The NC ma-
chine tool includes a spindle, a main table and an NC
device for making a machining relative movement be-
tween the spindle and the main table. The apparatus
includes a housing mounted on the main table. The ap-
paratus further includes an index table on which a work
is held, the index table being supported on the housing
for rotation. The apparatus is a push bar type which in-
cludes a single push bar extending into the housing and
outwardly of the housing for longitudinal movement, the
NC device being arranged to make an extra relative
movement between the spindle and the main table other
than the working relative movement, so that the single
push bar can be pushed and moved longitudinally there-
of by the extra relative movement between the spindle
and the main table to rotate the index table in one direc-
tion when indexing the work.

[0003] The apparatus is advantageous in that it can
index the work in accordance with the programming of
the NC device, obtaining a high productivity. Unlike an
electric, hydraulic or pneumatic type of index apparatus,
the apparatus does not involve an electric, hydraulic or
pneumatic drive means for rotating the index table, to
be simple in structure and low in cost. It is not required
to make an electric wiring, hydraulic piping or pneumatic
piping on the main table. Accessories such as pallet
changer can therefore installed at will without problem
of space. As a result, the apparatus has been winning
a high recognition up to the present on the market of NC
machine tool.

[0004] However, the apparatus is questionable in that
it can merely rotate the index table in one direction. The
apparatus can not rotate the index table in the reverse
direction to index the work, obstructing the operating ef-
ficiency. It is therefore desired to rotate the index table
not only in one direction but also in the reverse direction
to index the work, improving the operating efficiency.
[0005] Itis therefore an object of the invention to pro-
vide a new push bar type of index apparatus which can
rotate an index table not only in one direction but also
in the reverse direction, to overcome the above problem.

SUMMARY OF THE INVENTION
[0006] According to the invention, there is provided

an index apparatus for an NC machine tool, the NC ma-
chine tool including a spindle, a main table and an NC
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device for making a machining relative movement be-
tween the spindle and the main table.

[0007] The apparatus comprises a housing mounted
on the main table. An index table is supported on the
housing for rotation. The apparatus further comprises
first and second push bars extending into the housing
and outwardly of the housing for longitudinal movement,
the NC device being arranged to make an extra relative
movement between the spindle and the main table other
than the machining relative movement, so that any one
of the first and second push bars can be pushed and
moved longitudinally thereof by the extra relative move-
ment between the spindle and the main table. The ap-
paratus further comprises transmission means received
in the housing and disposed between the first and sec-
ond push bars and the index table to rotate the index
table in one direction in response to the longitudinal
movement of the first push bar and in the reverse direc-
tion in response to the longitudinal movement of the sec-
ond push bar.

[0008] In a preferred embodiment, the NC machine
tool comprises a machining center in which a work is
held on the index table, a tool being held on the spindle.
The NC device makes the machining relative movement
between the spindle and the main table so that the work
can be machined by the tool.

[0009] A work may be held not on the index table but
on the spindle to be machined by a tool which is held on
the index table.

[0010] The NC machine tool may comprise an electric
discharge machine in which a work is held on the index
table, electrically discharging means being held on the
spindle. The NC device makes the machining relative
movement between the spindle and the main table so
that the work can be machined by the electrically dis-
charging means.

[0011] The first and second push bars are fitted into
first and second sleeves to extend parallel to each other
for longitudinal movement. The first and second sleeves
are disposed and fixed in the housing.

[0012] The apparatus further comprises spring
means for resiliently urging the first and second push
bars so that the first and second push bars can be re-
turned by the spring means after the longitudinal move-
ment, for reciprocating movement. The transmission
means rotates the index table at an angle for one recip-
rocating movement of the first or second push bar.
[0013] The index table includes a shaft extending into
the housing, the first and second push bars being dis-
posed on the opposite sides of the shaft. The transmis-
sion means comprises first and second pawls extending
inversely to each other and mounted on the first and sec-
ond push bars. The transmission means further com-
prises a ratchet wheel including teeth and mounted on
the shaft. The first or second pawl is engaged with one
of the teeth of the ratchet wheel to rotate the ratchet
wheel and index table in response to the longitudinal
movement of the first or second push bar.
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[0014] The apparatus further comprises a locking
member for locking the index table from rotation. The
apparatus further comprises unlocking means by which
the locking member is moved to unlock the index table
for rotation in accordance with the longitudinal move-
ment of the first push bar when moved longitudinally
thereof to a predetermined position. An auxiliary mem-
ber is disposed between the first and second push bars
so that the first push bar can be moved longitudinally
thereof to the predetermined position by the auxiliary
member in accordance with the longitudinal movement
of the second push bar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1is a side view of a preferred embodiment
of the invention.

[0016] Fig.2is across sectional view of the apparatus
of Fig. 1.

[0017] Fig.3isa perspective view showing the locking
member for locking the index table from rotation in the
apparatus of Fig. 1.

[0018] Fig. 4 is across sectional view showing the first
push bar moved longitudinally thereof in the apparatus
of Fig. 1.

[0019] Fig. 5 is a cross sectional view showing the
second push bar moved longitudinally thereof in the ap-
paratus of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] Referring now to the drawings, Fig. 1 illustrates
an index apparatus for an NC machine tool according
to the invention. The NC machine tool includes a spindle
2, a main table 4 and an NC device 6. The apparatus
includes a housing 8 mounted on the main table 4. The
apparatus further includes an index table 10 supported
on the housing 8 for rotation. In the embodiment, the NC
machine tool comprises a machining center in which a
work 12 is fixed and held on the index table 10, a tool
such as face cutter 14 being mounted and held on the
spindle 2. The NC device 6 is intended to make a ma-
chining relative movement between the spindle 2 and
the main table 4 so that the work 12 can be machined
by the tool 14.

[0021] In addition, the NC device 6 is arranged to
make an extra relative movement between the spindle
2 and the main table 4 other than the machining relative
movement, as in the case of the above U.S. Patents. In
this connection, the apparatus includes first and second
push bars 16a and 16b extending into the housing 8 and
outwardly of the housing 8 for longitudinal movement so
that any one of the first and second push bars 16a and
16b can be pushed and moved longitudinally thereof by
the extra relative movement between the spindle 2 and
the main table 4. The apparatus further includes trans-
mission means received in the housing 8 and disposed
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between the first and second push bars 16a and 16b
and the index table 10 to rotate the index table 10 in one
direction in response to the longitudinal movement of
the first push bar 16a and in the reverse direction in re-
sponse to the longitudinal movement of the second push
bar 16b, as described later in detail.

[0022] In the embodiment, the first and second push
bars 16a and 16b are fitted into first and second sleeves
18a and 18b to extend vertically and parallel to each oth-
er for longitudinal movement, as shown in Fig. 2. The
first and second sleeves 18a and 18b are disposed and
fixed in the housing 8 so that the first and second push
bars 16a and 16b extend outwardly and upwardly of the
first and second sleeves 18a and 18b and the housing
8. The apparatus further includes spring means com-
prising springs 20 which are received in the firstand sec-
ond sleeves 18a and 18b for resiliently and upwardly
urging the first and second push bars 16a and 16b.
[0023] The index table 10 includes a shaft 22 extend-
ing horizontally and into the housing 8, the first and sec-
ond push bars 16a and 16b being disposed on the op-
posite sides of the shaft 22. The transmission means
includes first and second pawls 24a and 24b extending
inversely to each other and mounted on the firstand sec-
ond push bars 16a and 16b. In the embodiment, the first
and second push bars 16a and 16b include first and sec-
ond brackets 26a and 26b fixed thereto. The first and
second brackets 26a and 26b have pins 28 formed ther-
eon, the first and second pawls 24a and 24b being sup-
ported on the pins 28 for swinging movement to be
mounted on the first and second push bars 16a and 16b.
The sleeves 18a and 18b include slots 30 formed therein
and extending axially of the sleeves 18a and 18b, the
first and second pawls 24a and 24b and the first and
second brackets 26a and 26b being inserted into the
slots 30 to permit the longitudinal movement of the first
and second push bars 16a and 16b.

[0024] The transmission means further includes a
ratchet wheel 32 including teeth 34 and mounted on the
shaft 22 of the index table 10, the first and second pawls
24a and 24b extending toward the middle between the
first and second push bars 16a and 16b to be disposed
over the ratchet wheel 32 and opposed to the teeth 34.
In addition, the first and second brackets 26a and 26b
are provided with springs 36 to resiliently urge the first
pawl 24a clockwise about the pin 28 shown in Fig. 2 and
the second pawl 24b counterclockwise about the pin 28.
Stops 38 are formed on the first and second pawls 24a
and 24b to be engaged with shoulders formed on the
first and second brackets 26a and 26b by the springs
36 so that the first and second pawls 24a and 24b are
held at positions shown in Fig. 2.

[0025] The apparatus further includes a locking mem-
ber 40 comprising a rod and having an engaged portion
42 which is tooth-shaped to be engaged with a gear
mounted on the index table 10 for locking the index table
10 from rotation, as shown in Fig. 3 and disclosed in the
above U.S. Patents. The apparatus further includes un-
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locking means comprising a pin 43 which is formed on
the locking member 40 and inserted into a cam groove
44 formed in the first push bar 16a. The cam groove 44
extends axially of the first push bar 16a to be inclined
obliquely so that the locking member 40 can be pushed
and moved axially thereof by the pin 43 and the cam
groove 44, the tooth-shaped engaged portion 42 being
disengaged from the gear of the index table 10, to unlock
the index table 10 for rotation in accordance with the
longitudinal movement of the first push bar 16a when
moved longitudinally thereof to a predetermined posi-
tion, as also disclosed in the above U.S. Patents.
[0026] In addition, the apparatus further includes an
auxiliary member 46 disposed between the first and sec-
ond push bars 16a and 16b. The auxiliary member 46
is lever-shaped and supported on a pin 48 for swinging
movement. A spring 50 is stretched between the hous-
ing 8 and the auxiliary member 46 for resiliently urging
the auxiliary member 46 clockwise about the pin 48
shown in Fig. 2 so that the auxiliary member 46 is en-
gaged with and pressed against a ball 52 which is re-
ceived in a radial hole formed in the second sleeve 18b.
The ball 52 is pushed into a cam groove 54 formed in
the second push bar 16b by the auxiliary member 46.
The auxiliary member 46 extends toward the first push
bar 16a to be opposed to the upper edge of the first
bracket 26a.

[0027] In operation, the NC device 6 makes the extra
relative movement between the spindle 2 and the main
table 4 other than the machining relative movement so
that any one of the first and second push bars 16a and
16b can be pushed and moved longitudinally thereof by
the extra relative movement between the spindle 2 and
the main table 4, as described above. In the embodi-
ment, the tool 14 is moved downwardly by the extra rel-
ative movement between the spindle 2 and the main ta-
ble 4 to be engaged with any one of the first and second
push bars 16a and 16b. The first or second push bar
16a or 16b can therefore be pushed and moved down-
wardly by the tool 14.

[0028] As to the first push bar 16a, the locking mem-
ber 40 is pushed and moved axially thereof by the pin
43 and the cam groove 44 in accordance with the down-
ward or longitudinal movement of the first push bar 16a
when moved downwardly to a predetermined position,
as also described above. The tooth-shaped engaged
portion 42 is therefore disengaged from the gear of the
index table 10 to unlock the index table 10 for rotation.
[0029] The first push bar 16a is further moved down-
wardly so that the first pawl 24a is engaged with one of
the teeth 34 of the ratchet wheel 32, as shown in Fig. 4.
The tooth 34 is therefore pulled downwardly by the first
pawl 24a which is swingingly moved counterclockwise
about the pin 28 against the spring 36, to rotate the
ratchet wheel 32 and the index table 10 counterclock-
wise about the shaft 22 in response to the downward or
longitudinal movement of the first push bar 16a. Accord-
ingly, the apparatus can rotate the index table 10 in one
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direction in response to the longitudinal movement of
the first push bar 16a.

[0030] The tool 14 is then moved upwardly by the ex-
tra relative movement between the spindle 2 and the
main table 4. The first push bar 16a is therefore moved
upwardly to be returned by the spring 20 after the lon-
gitudinal movement, for reciprocating movement. Ac-
cordingly, the first pawl 24a is disengaged from the tooth
34 of the ratchet wheel 32 and then swingingly moved
clockwise to be returned about the pin 28 by the spring
36. On the other hand, the locking member 40 is pushed
and moved axially thereof by the pin 43 and the cam
groove 44 so that the tooth-shaped engaged portion 42
is engaged with the gear of the index table 10 to lock
the table 10 from rotation when the first push bar 16a is
returned by the spring 20.

[0031] The first push bar 16a is moved downwardly
and upwardly again and again. The first pawl 24a rotates
the index table 10 at an angle for one reciprocating
movement of the first push bar 16a, to thereby index the
work 12 in accordance with the programming of the NC
device 6.

[0032] As to the second push bar 16b, the ball 52 is
pushed out of the cam groove 54 and pressed against
the auxiliary member 46 by the second push bar 16b
moved downwardly, as shown in Fig. 5. The auxilary
member 46 is therefore swingingly moved counterclock-
wise about the pin 48 against the spring 50 by the ball
52 to be engaged with the first bracket 26a so that the
first bracket 26a and the first push bar 16a can be
pushed and moved downwardly or longitudinally thereof
to the predetermined position by the auxiliary member
46. The locking member 40 is therefore pushed and
moved axially thereof by the pin 43 and the cam groove
44, the tooth-shaped engaged portion 42 being disen-
gaged from the gear of the index table 10 to unlock the
index table 10 for rotation.

[0033] The first push bar 16a is held at the predeter-
mined position. The second push bar 16b is further
moved downwardly so that the second pawl 24b is en-
gaged with one of the teeth 34 of the ratchet wheel 32.
The tooth 34 is therefore pulled downwardly by the sec-
ond pawl 24b which is swingingly moved clockwise
about the pin 28 against the spring 36, to rotate the
ratchet wheel 32 and the index table 10 clockwise about
the shaft 22 in response to the downward or longitudinal
movement of the second push bar 16b. Accordingly, the
apparatus can rotate the index table 10 in the reverse
direction in response to the longitudinal movement of
the second push bar 16b.

[0034] The tool 14 is then moved upwardly by the ex-
tra relative movement between the spindle 2 and the
main table 4. The second push bar 16b is therefore
moved upwardly to be returned by the spring 20 after
the longitudinal movement, for reciprocating movement.
Accordingly, the second pawl 24b is disengaged from
the tooth 34 of the ratchet wheel 32 and then swingingly
moved counterclockwise to be returned about the pin
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28 by the spring 36. The ball 52 is pushed into the cam
groove 54 by the auxiliary member 46 which is swing-
ingly moved clockwise about the pin 48 by the spring
50. The first push bar 16a is therefore moved upwardly
by the spring 20 so that the locking member 40 is pushed
and moved axially thereof by the pin 43 and the cam
groove 44 so that the tooth-shaped engaged portion 42
is engaged with the gear of the index table 10 to lock
the table 10 from rotation.

[0035] The second push bar 16b is moved downward-
ly and upwardly again and again. The second pawl 24b
rotates the index table 10 and the work 12 at an angle
for one reciprocating movement of the second push bar
16b to thereby index the work 12, as in the case of the
first pawl 24a.

[0036] Accordingly, the apparatus can rotate the in-
dex table 10 in one direction in response to the longitu-
dinal movement of the first push bar 16a to index the
work 12. In addition, the apparatus can rotate the index
table 10 in the reverse direction in response to the lon-
gitudinal movement of the second push bar 16b to index
the work 12. The apparatus is therefore convenient to
index the work 12, improving the operating efficiency.
[0037] It should be understood that a work may be
held not on the index table 10 but on the spindle 2 to be
machined by a tool which is held on the index table 10.
In the case, the apparatus can rotate the index table 10
not only in one direction but also in the reverse direction
to index the tool.

[0038] The NC machine may comprise an electrical
discharge machine in which a work is held on the index
table, electrically discharging means being held on the
spindle. The NC device makes the machining relative
movement between the spindle and the main table so
that the work can be machined by the electrically dis-
charging means. In the case, the apparatus can rotate
the index table not only in one direction but also in the
reverse direction to index the work, as in the case of the
embodiment of Fig. 1.

Claims

1. An index apparatus for an NC machine tool, said
NC machine tool including a spindle, a main table
and an NC device for making a machining relative
movement between said spindle and said main ta-
ble, said apparatus comprising:

a housing mounted on said main table;

an index table supported on said housing for
rotation;

first and second push bars extending into said
housing and outwardly of said housing for lon-
gitudinal movement, said NC device being ar-
ranged to make an extra relative movement be-
tween said spindle and said main table other
than said machining relative movement, so that
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any one of said first and second push bars can
be pushed and moved longitudinally thereof by
said extra relative movement; and
transmission means received in said housing
and disposed between said first and second
push bars and said index table to rotate said
index table in one direction in response to the
longitudinal movement of said first push bar
and in the reverse direction in response to the
longitudinal movement of said second push
bar.

The apparatus as set forth in claim 1 wherein said
NC machine tool comprises a machining center in
which awork is held on said index table, a tool being
held on said spindle, said NC device making said
machining relative movement between said spindle
and said main table so that said work can be worked
by said tool.

The apparatus as set forth in claim 1 wherein said
NC machine tool comprises a machining center in
which a work is held on said spindle, a tool being
held on said index table, said NC device making
said machining relative movement between said
spindle and said main table so that said work can
be worked by said tool.

The apparatus as set forth in claim 1 wherein said
NC machine tool comprises an electrical discharge
machine in which a work is held on said index table,
electrically discharging means being held on said
spindle, said NC device making said machining rel-
ative movement between said spindle and said
main table so that said work can machined by said
electrically discharging means.

The apparatus as set forth in any one of claims 1 to
4 wherein said first and second push bars are fitted
into first and second sleeves to extend parallel to
each other for longitudinal movement, said first and
second sleeves being disposed and fixed in said
housing.

The apparatus as set forth in claim 5 further com-
prising spring means for resiliently urging said first
and second push bars so that said first and second
push bars can be returned by said spring after the
longitudinal movement for reciprocating movement,
said transmission means rotating said index table
at an angle for one reciprocating movement of said
first or second push bar.

The apparatus as set forth in claim 6 wherein said
index table includes a shaft extending into said
housing, said first and second push bars being dis-
posed on the opposite sides of said shaft, said
transmission means comprising first and second
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pawls extending inversely to each other and mount-
ed on said first and second push bars, and a ratchet
wheel including teeth and mounted on said shaft,
said first or second pawl being engaged with one of
said teeth of the ratchet wheel to rotate said ratchet
wheel and said index table in response to the lon-
gitudinal movement of said first or second push bar.

The apparatus as set forth in claim 7 wherein further
comprising a locking member for locking said index
table from rotation, unlocking means by which said
locking member is moved to unlock said index table
for rotation in accordance with the longitudinal
movement of said first push bar when moved longi-
tudinally thereof to a predetermined position, and
an auxiliary member disposed between said first
and second push bars so that said first push bar can
be moved longitudinally thereof to said predeter-
mined position by said auxiliary member in accord-
ance with the longitudinal movement of said second
push bar.
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